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Prepared bj: 

R-,  L* Detyiler 
•50 H0 Kau^fman < 

ABSTRACT*    This report surra-rises the development of e reliable method 
for recovering AAP coaponent parts after they are gun fired at approxi- 
mately 4C000 ft/sec    Thlo r.ethod requires the use of a buoyant missile 
fired over tmter and then recoveredo   A number of experimental sondesj, 
rocket motor 8ub>«asss3>bli«»sf and fuzes >ave been successfully recovered 
to date0 
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it i This report 1B compiled for the inforaaticn of these persoris and 
j I activities interested in the subject or the application of the 

technique describedo The test program was carried out and this report 
prepared under the aathorisat5.o;i of tank NCu-ile3f-6L5.-l»53o This 
report is distributed for infor.aation onlyo 

SWARD Lo VO0DX4RD 
Captain, TEN 
(Jonmander 
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THE DESIGN AND U3E OF A 3J0YAOT MISSILE FOR THE 
Rr^OSERY OF AN3LJ-D AR:IC:J rROJECTII.E COMIWEtfiS 

lo   The development of ordnance dcaponout.3 is gonerally hampersd by tLo 
lack of rigorouo laboratory s.la'.zl&.tion of tha loads imposed on the 
components when tha missile 1» fixed froa a gun*   This is particularly 
trie for electronic components, sinca -heir mechanical strength is 
difficult to determine end they are often subject to daaf-ge by shock or 
impaot loading*   Certain aathoda, auch as the airgjn end drop teats, 
provide a limited 3i.mulr.tioa of the loud conditions*    At an early stage 
of the Angled Arrow Projectile Program,, hove/or, aisre accurate simulation 
wa3 desired so that a program to provide it vas instituted,, 

20   Since firing froa the appropriate gun and then recovering the part3 
prc*vlda3 a real.i3tic approach, efforts were direotad toward the develop* 
•eat of a siapla, reliable recovery system,.   Several systems ware con* 
sideredo    It was decided that the use of a buoyant missile, fired over 
w«!ter and recovered by boat, vas mo3t practicable,.   This technique also 
made it possible to monitor the RF signal from the aouila in flight,, 

%   Since the AAP is a aub-caliber projectile having a body diameter of 
U'i inches and is fired froa an &/55 gun, it is avidont that the same 
gun could be used for the buoyant missile.   The oaximum diameter of the 
components to be carried is upproximately 3„5 leches and the difference 
between this and the bore uiciitater provides sufficient wall thickness 
for the miss lie <,   The required over-ws/fer firing site is suitably pro- 
vided by the Potomac River firing range at Kaval Proving Ground,, 
Dahlgrenj, firginiao 

4s   The initial design work was carried out In early 1952 and two 
experimental missilo3 were constructed and firedo   These are designated 
as Rounds 1 and 2 in Table ?.»   The first round, fired at slightly reduced 
charge, was recovered intact, but only a part of tha second round, fired 
at full charge, was recovsredo   The firing of these rounds served to 
Illustrate the feasibility of tie technique and the required design 
revisionso   The design of these two rounds is covered in TN-3129, and a 
photograph o.? the recovered Round 1 is included in MVORD Report 2t1Zo 

Missile Design 

5<>   Following the demonstration of the feasibility of the technique, 
certain basic design parameters vere established„   The vehicle was to 
be constructed primarily to carry a standard AAP sonde package, having a 
weight of 7o0 pounds o   The round was to be fired froa an Boi^/SS smooth 
bore guno   In order to simulate tho actual ballistics, the total round 
was to weigh   approximately 105 pounds and the muzzle velocity to be 
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4*000 ft/sec ~ With this weight and auszlc velocity, the nsxiaxa design 
acceleration would therefore be 155COO g« 

60 The complete rouc<' aa de9irned consists ox two parts, the body end 
the slug, and is shown in Figure lo The body is the buoyant part which 
encloses the component being tested,, The slug briigs the round to the 
required weight and provides obturation in the gun. The slug and the 
body separate in flight shortly after emerging fron the guno 

7o The main part of the body is nado of l£ ir.«i> thick sugar pine 
planks glued up with the grain parallel to the longitudinal axiso This 
wood is used since it is a readily available material with a high strength 
to weight ratiOo The wood is dried tc 10~12£ moisture content, then 
finished and assembled using Penacollte Adhesive 0-1260. The front cover 
is made of maple, also held in place by glue and screws0 Maple is used 
because the front cover acts as a bore riding surface and must withstand 
abrasiono The rear plate and sonde support sleeve are aluminumo   The 
piste is pvimod with Qycleweli C-3 and held in place with Armstrong A-3 
adhesive and screws0 

80 Figure 1 shows the first uieslles constructed to this design,, Altlough 
the two early missiles (Rounds 1 and 2) incorporated a fiberglas wrapping 
around the outside diameter, this was eliminated on Rounds 491 end 4920 
Examination of the photographic data showed t' at these two rounds broke 
up after leaving the gun. It was thought that the exposed end grain on 
the rear surface of the body was the most vulnerable part and should be 
covered with fiberglas. Since there was still some question as to tbe 
necessity of covering the 3ides of the body, Round 496 was prepared with 
only the rear surface covered and round 495 was made up completely wrapped» 
Upoi-. firing. Round 496 broke up, but Round 495 was recovered intact, thus 
indicating the necessity of completely wrapping the body. All succeeding 
rounds were treated in this manner with the addition of a red dye in the 
wrapper as an aid in spotting the floating missileo The technique of wrap- 
ping thft missiles in fiberglas is described in NAVORD Report 2795» 

9o The general design characteristics of the first models are as followss 

: 

Weight of Sonde - 
Total Weight of Body 
Positive Buoyancy - 

7 pounds 
21 pounds 
10 pounds without water in cavity 
$ pounds with water in cavity 

     - „ -  —   105 pounds 
Stress level in wood at rear of body - 3,500 pel 
Handbook permiS3able stress in compression parallel to grain - 
4,770 psi 

Total Weight of Round - 

10o In the first design the front cover was provided with a sloping 
surface. This surface was Intended to cause the round to quickly tumble 
la flight and thereby aid in the separation of the body and the slugo 
On Round 553 this surface was replaced by a flat cover. Since the 
arrangv'ment operated satisfactorily, the slope was eliminated en all 
following round3„ 
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Ho In the course of the firing taste, other cinor modifications have 
bean incorporated to improve the construction. The last two missiles, 
Rounds 576 and 577, had the front covers bolted but not glued to provide 
an eas7 and fast method for assembling and disassembling the -.aissiles. 
The present design, as modified, is shown in Figura 2. In addition-. 
special alterations have been made to certain rounds to accommodate 
components other than the scndo for which the missile was designed. 
Figure 4 shows a standard r.L-^ile that was modified to accommodate a 
complete AAP rocket motor. This is Round 569 in Table 1 and carried 
the heaviest component fired. Other changes had bsen planned for future       / 

rounds such as the replacement of the wooden front cover with a fiberglas 
or aluminum cover to overcome cover warpage and the use of weldwood glue 
in place of the penacolite adhesive to facilitate the fabrication of the 
missile. 

Firing Results 
i - 

22o A summary shoeing all rounds fired to date, including those modified, 
is shown in Table lo It may be seen that, since the start of the fiber- 
glas wrapping, only one round (565) has failed structurally and not been 
recovered• This particular round carried tracers with the slug drilled 
through, permitting the burning ga3 to ignite the tracers. Apparently 
this gas Impinging on the base of the body caused the failure of the 
round. Two other rounds (572 and 573) were lost when the water became 
rough and the retrieving boat could not locate them upon reaching the area 
where they were last seen* » 

13o Figure 3 is a photograph of the recovered and disassembled Round 
557o The missile has not been damaged and ir» suitable for future 
firing. Round 509 was refired three more times (as Rounds 553, 555 
and 567) before it was damaged during disassembly. Some rounds have 
been refired several times and otners are suitable for refiring after 
aaking minor repairs. 

CONCLUSIONS 

14i By the use of a buoyant missile fired over the water, a reliable 
recovery technique has been developedc The buoyant missile, as designed, 
will accommodate the AAP sonde and certain other components of the same 
general size and weight. This technique provides an accurate simulation 
of the actual loads imposed on the component, since the firing tests 
are conducted under the same ballistic conditions. With this technique 
it has been possible to test-fire experimental components, record gener- 
ated sonde signals, recover fired components and examine them in detail 
for structural failure and other malfunctions. The technique has 
permitted the rapid evaluation of certain new designs, thereby expediting 
development work, especially in the electronic field, in the AAP Program. 
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Appendix A 

Drawing Title Drawing l%ber  

Buoyant Miawile 

Pinocchio II Assembly- «*- BuOrd Sketch 356575 
Body BuOrd Sketoh 353651 
Plate BuOrd Sketch 356576 
Deflector Plate  BuOrd Skatcb 356603 
Deflector Plate  BuOrd Sketch 357648 
Sleeve Support <--    BuOrd Sketch 373519 
Sleeve BuOrd Sketch 353653 
Glass Cloth Wrapper BuOrd Sketch 422*20 

Missile Modification for Rocket Motor 

Modified Pinoochio BuOrd Drawing 1370697 
Body - - - -  -   BuOrd Drawing 1246624 
Support Plate <  BuOrd Drawing 324.6623 
Plate -»-  BuOrd Drawing 1246616 
Id£ . , - - BuOrd Drawing 2246617 
Sleeve BuOrd Drawing 1246615 
Washer • «  - - BuOrd Drawing il9tlt24 
Qasket « BuOrd Drawing U90623 
Tie Rod- BuOrd Drawing 1190622 
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